PURPOSE:
To examine whether patient-reported indicators of medical home performance are associated with health-related quality of life (HRQOL) among adults with type 2 diabetes. METHODS: Cross-sectional survey of 540 patients with Medicaid insurance and type 2 diabetes in Los Angeles County. The Primary Care Assessment Tool was used to measure seven features of medical home performance. The EuroQol EQ-5D-3L (EQ-5D) was used to measure HRQOL. RESULTS: Higher total medical home performance was correlated with better overall HRQOL. A onepoint change in total medical home score was associated with a 0.06-point higher score on the EQ-5D index [95 % confidence interval (CI): 0.01-0.11], which is a clinically meaningful difference. The total score was also significantly associated with a lower likelihood of problems on one domain of the EQ-5D (pain). Longitudinality was the only medical home feature associated with better general health status (ordered odds ratio=1.78; 95 % CI: 1.04-3.03). The positive relationship of medical home with the EQ-5D appears to be present predominantly among women. CONCLUSION: Overall medical home experience is favorably associated with HRQOL among vulnerable adult patients with type 2 diabetes. Provider efforts to improve the overall medical home experience for patients may contribute to improvements in HRQOL.
INTRODUCTION
The patient-centered medical home is a growing focus of medical practice and policy. The medical home is an approach to the delivery of primary care that facilitates partnerships between patients and physicians, and is now widely embraced by major physician organizations. 1 While the definitions vary, there are at least four core defining features, which emphasize that care should be accessible, continuous, comprehensive, and coordinated. Three other features sometimes included are family-centeredness, community orientation, and cultural competence. A medical home is anticipated to improve patient care and thus the health of patients over time.
A medical home may be particularly important for people with chronic disease. People with type 2 diabetes-a disease that is now the seventh leading cause of death nationally 2 -receive the majority of their diabetes care in a primary care setting. 3 Their demands on primary care (and the health care system as a whole) are large, requiring not only regular testing and active medication management, but also ongoing health education to encourage lifestyle changes and effective coordination with specialists. How primary care physicians provide these facets of care thus has great potential to directly affect patient outcomes. Pilot medical home studies have observed mixed results in processes of care, clinical measures of diabetes care (including blood glucose control), and hospitalization and emergency department utilization. 4 Two recent studies add to this complexity by suggesting that medical home performance, as defined by the National Committee on Quality Assurance (NCQA) and assessed from the provider perspective, had no impact on most diabetes quality measures, with the single exception of improved nephropathy screening. 5, 6 But clinical measures are only part of the story for adults with diabetes. The disease itself, as well as fears associated with complications in uncontrolled diabetes, may directly affect patient functioning and well-being. 7 Given that primary care is designed to be whole-person-focused and to support patients over time, medical home performance may have a particular impact on the daily quality of life and functioning among adults with diabetes.
Measures of health-related quality of life (HRQOL) are increasingly reported in health services research because they examine functioning in multiple aspects of life. They offer a unique patient-reported picture of health that complements disease parameters or physician assessments of disease states. 8, 9 HRQOL measures are able to effectively distinguish between disease states and respond to changes in clinical care, and are sensitive outcome measures. The HRQOL instrument in this study-the EuroQoL-has been used to study health care interventions 10 and in diabetes research.
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This study adds to the body of work on the primary care medical home by examining whether patient-reported indicators of medical home experience are associated with HRQOL and general health status among adults with type 2 diabetes. We focus on vulnerable adults covered by Medicaid insurance, for whom diabetes is more prevalent and who experience more barriers to effectively managing their disease. [12] [13] [14] The results have particular implications for Hispanic/Latino patients, as they comprise the majority of the Medicaid population in Los Angeles, and the majority of our sample.
METHODS

Study Sample
Data for this study are from a cross-sectional survey of patients in Los Angeles County aged 18-64 years with type 2 diabetes and Medicaid health insurance. Sampling was conducted in two stages. First, primary care physicians (i.e., family medicine, internal medicine, and general practice) were identified through publicly available network data for one of the largest Medicaid plans in the county. From a list of 471 eligible physicians, they were randomly drawn and recruited until we reached our target sample size of 100 (n=104, 75 % response rate).
Second, all physicians were asked to refer a minimum of 10 patients with type 2 diabetes meeting the study criteria, using one of two methods: retrospective or prospective referrals. The retrospective referral method involved referring all eligible patients who had visited the office, working from most recent up to the past six months. Before referral, the office staff called the patients and, used a study-provided script offer them the chance to opt out of the referral. The prospective method was similar. Physicians referred all eligible patients scheduled to visit the office for up to the next six months, or until a minimum of 10 referrals were made. In this case, a flier was provided to each patient about the study by the office staff, giving the patient a chance to opt out of the referral.
This study was approved and given an IRB waiver of HIPAA authorization by the USC Office for the Protection of Research Subjects. The potential for physicians to handselect patients was reduced by the requirement that "all" patients meeting the criteria were to be referred. A total of 1.8 % of patients opted out of being the referral. We then randomly selected patients until we reached a goal of about five patients per physician. There were no differences in optout rates, response rates, or demographics between methods.
Measures
Medical Home Performance. We used the Johns Hopkins' Primary Care Assessment Tool-Adult Expanded version (PCAT) to assess patient-reported indicators of medical home quality. While definitions vary across organizations, there is consensus on at least four core features-accessibility, longitudinality (or continuity), comprehensiveness, and coordination [15] [16] [17] [18] -all of which are measured by the PCAT. The PCAT consists of 96 questions that evaluate the four core features above and three others that are often included in definitions of a medical home: 1) community-oriented care, 2) family-centered care, and 3) cultural competence. First-contact care refers to the concept that care is available and first sought from the medical home when a new health or medical need arises. Longitudinality refers to the use of a regular source of care over time and the relationship that develops. Comprehensiveness is the range of services available to and received by the patient. Coordination refers to the linking of health services so that patients receive appropriate care for all of their health problems. Community-oriented care refers to the concept that providers strive to be aware of, and oriented to, the health needs of a community. Family-centered care is the recognition of the family as a participant in the diagnosis, treatment, and recovery of patients. Cultural competence refers to care that respects the language, beliefs, and attitudes of people.
Each question is scored using a Likert-type response scale as follows: "definitely not" (1 point), "probably not" (2 points), "probably" (3 points), and "definitely" (4 points). The PCAT is scored such that each feature is calculated as the average of the responses to the questions comprising the feature. A total medical home score is the average of the seven feature scores such that each feature is equally weighted. Previous work has shown that the overall PCAT has good reliability and validity. 19, 20 The PCAT has good construct validity, with the seven features accounting for 88 % of the total 96-item variance. Internal consistency reliability for the features has ranged from 64 % to 96 %. The PCAT has been successfully used to detect differences in primary care across providers and delivery systems.
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EuroQol (EQ-5D). The EQ-5D is a preference-based global, rather than disease-specific, measure of HRQOL. 10 It consists of five questions about mobility, self-care, usual activities, pain, and anxiety. Each dimension has three levels describing the patient's health state on that day-no problems, moderate problems, or severe problems-leading to 243 unique health states. The health states are expressed in an index using a preference-based set of weights for the U.S. population. 24 This index is an expression of these states, taking into account the desirability or undesirability of each state. After weighting, the index is anchored by scores 1.0 (full health) and 0.0 (dead), with some states being worse than death (<0). The EQ-5D index scores in this study ranged from −0.04 (severe problems) to 1.0 (no problems). For two patients in our analysis with EQ-5D index scores below zero, both reported being "confined to bed" (mobility) and experiencing "extreme pain or discomfort" (pain). We also presented the EQ-5D dimensions using the three ordinal response levels.
General Health. Status: Self-reported general health status is the response to the question, "In general, would you say your health is excellent, very good, good, fair, or poor?" We recoded the responses into three ordinal categories: 1) fair/poor, 2) good, and 3) excellent/very good.
Covariates. Age, gender, race/ethnicity, education, employment, marital status, the length of time with diabetes (i.e., duration), and patient-reported insulin use were accounted for in the analysis. Ethnicity was categorized into Hispanic vs. non-Hispanic. Education included less than high school vs. high school graduate or equivalent (GED) or higher. Marital status was coded as married vs. not-married. Employment status was coded as employed vs. unemployed. Duration of diabetes was included because of its negative association with HRQOL that likely indicates disease progression or severity. 11 Patient-reported insulin use was included because some studies have observed that insulin use is associated with HRQOL [25] [26] [27] and because it may further help account for disease severity.
Analysis
All analyses were completed with the patient as the unit of analysis. Each patient had his/her own medical home score, even if they shared a physician. This approach reflects the concept that the medical home experience can validly vary even among patients of the same physician or clinic. Because patients were nested within physicians, we estimated our sample size to account for clustering, and examined the necessity of accounting for clustering in our analysis using the intraclass correlation coefficient (ICC) of the total medical home score. The ICC describes the extent to which responses are correlated among patients seeing the same physicians. In this case, the ICC was 0.20, which is a moderate correlation, suggesting that patients of the same physician reported primary care similarly (although not identically), so we adjusted for clustering using survey procedures in Stata13. Fig. 1 . Variation by gender in the relationship of the total medical home score with the EQ-5D index, adjusted for the study covariates Descriptive statistics were obtained for the independent measures and the dependent measures. Next, we examined differences in medical home scores and demographics among categories of the EQ-5D score, dichotomized at the 50th percentile, and the ordinal three-level EQ-5D domains and general health status. To test significance, t tests were used to compare medical home mean scores across the dichotomized EQ-5D index, and post hoc means tests (and F-statistics) were used to compare the mean medical home scores across the ordinal EQ-5D domains and general health status. Chi-squared tests were used to test the relationship between all health measures and the demographics.
Next, two multivariable linear regressions of medical home on the EQ-5D index were performed-one for the total medical home score and then one for the seven medical home features entered simultaneously-both while controlling for study covariates. A set of ordered logistic regressions were performed for the ordinal EQ-5D dimensions and general health status. The ordered odds ratio (OR) is interpreted as the average likelihood of moving between the levels of an ordinal dependent measure. An ordered OR greater than 1.0 would reflect the average odds of moving up one response category of the three (e.g., from no problem to moderate, or from moderate to severe).
Finally, because the sample was heavily female and Hispanic, and because these groups may use health care differently than their counterparts, we examined the potential for the relationship between the total medical home score and HRQOL to vary according to these factors. Where interaction terms were significant (gender), separate regressions for men and women were run. Figure 1 shows the plot of the interaction effect using a graph of fitted values (i.e., the slope of the relationship between the medical home score and EQ-5D index, adjusted for our covariates).
RESULTS
Data collection was completed between June 2012 and May 2013. A total of 540 patient interviews were completed by telephone in Spanish (55.3 %), English (43.7 %), and Mandarin or Armenian (1 %). The most conservative response rate (56.9 %) was calculated as the total completed patient interviews (n=540) of all patients sampled (n=949). About onefifth of all patients sampled had an incorrect phone number and address (n=165) and were not considered usable. The response rate among just the usable listings (i=784) was 68.9 %. Among patients that we reached and spoke with (i= 635), the response rate was 85.0 %. Table 1 presents distributions of individual characteristics of the 540 patients surveyed. Most of the patients were female (69.26 %), Hispanic (77.41 %), with lower than high school education (56.48 %), and unemployed (72.04 %). The average total medical home score was 3.12 out of 4 points; the most highly scored feature was longitudinality (3.44), and the most poorly scored was the degree of community orientation (2.10). With regard to HRQOL, the average index score was 0.67, identical to the expected EQ-5D value among a general sample of adult patients with type 2 diabetes. 11 Few patients in our All bolded items are statistically significant at the p<.05 or greater level. Modmoderate; Sevsevere; Ex/VGexcellent/very good sample had problems with self-care activities, while most patients had problems with pain. Table 2 presents the bivariate relationships between the medical home features and our measures of HRQOL. The total medical home score was significantly associated with two of the EQ-5D dimensions (pain and anxiety), though most estimates were in the direction of a positive correlation. The features of medical home longitudinality and community orientation were each associated with two dependent variables , but otherwise there was no consistent pattern. Among the covariates, older age, non-Hispanic ethnicity, unemployed status, not being married, and using insulin were associated with poorer health. Table 3 presents the multivariable linear regression relationship between the medical home features and HRQOL, adjusting for the study covariates. The total medical home score was significantly associated with the EQ-5D index and one of the dichotomous dimensions. After adjustment, a one-point change in total medical home score was associated with a 0.06-point higher score in the EQ-5D index (95 % CI: 0.01-0.11). Most of the features of a medical home were not consistently associated with the dependent variables. Longitudinality was associated with a lower likelihood of problems with anxiety and better general health status.
Additional regressions were completed testing the interactions of the total medical home score with gender or Hispanic ethnicity. No interaction terms were statistically significant with Hispanic ethnicity; however, interactions with gender were significant for three dependent measures. The relationship of the medical home total score with the EQ-5D index was significant for women but not for men (gender interaction term B=0.14, CI: 0.03-0.25, i<.01), so separate regression slopes for women and men are shown in Figure 1 , and for the EQ-5D domains of activity and pain (not shown). A regression model for the total medical home score was created separately from the regression model that for the five medical home features, but for simplicity of presentation, the total medical home score is presented in the same 
DISCUSSION
Higher total medical home experience was correlated with a better overall HRQOL. In other work benchmarking EQ-5D scores for patients with type 2 diabetes, a difference of just 0.03 points on the index separated patients with any vascular complications from those with none. The effect size of 0.06 points for total medical home score on HRQOL is more than half of the 0.10-point difference observed between patients with no complications and those with retinopathy, and is about one-third of the 0.18-point difference associated with diabetic peripheral neuropathic pain. 11 Thus, changes in the delivery of primary care may have clinically meaningful benefits to the quality of life of patients with diabetes.
The total medical home score was only sometimes a factor in our sub-analyses of the five EQ-5D dimensions and general health status. It was significantly linked with a lower likelihood of problems with pain and was borderline significant for anxiety (p=0.06). The absence of an effect for each HRQOL measure may suggest that the medical home impacts some features of HRQOL more than others . Alternately, this may also reflect the value of primary care and its whole-person focus, with the collective EQ-5D index capturing the combined effects of smaller changes in the five dimensions. This whole-person focus of primary care might also explain why no individual medical home feature was significantly associated with more than two dimensions of HRQOL. Our study differs from those showing a particular relationship between firstcontact care and HRQOL among children 28, 29 , and between access and lower costs for adults. 30 The observation that the medical home experience appears more strongly correlated with the EQ-5D for women is a novel finding . It is possible that women benefit more from highperforming primary care because they tend to use services more frequently, particularly preventive care. 31, 32 Women's interactions with providers also tend to differ from those of men, with women's primary care visits tending to address more questions, involve more screenings, and more frequently include emotional counseling. 33, 34 Since several medical home features involve the patient-provider relationship, it is possible that women benefit more directly from the delivery of these services. Gender differences in medical home experience deserve further investigation, given mixed results in our analyses.
There are some limitations to this study. First, our ability to draw causal inferences was limited due to the cross-sectional nature of this analysis. Second, selection bias is possible, as providers and patients who participated might have greater expertise in diabetes (in the case of physicians) or more extreme diabetes issues in either direction for patients. We aimed to reduce selection bias through random sampling, incentivizing participation to obtain a high response rate, and monitoring patient diabetes measures for extreme cases. Third, the data we collected are predominantly from female Hispanic patients, so the results may not be fully generalizable nationally. Fourth, features used to assess medical home align closely, but not perfectly, with the other measures of medical home (such as those by NCQA), and so may not reflect a complete measure of medical home quality. The NCQA measures are different in that they are reported by physicians and include elements of reimbursement not in the PCAT.
In conclusion, this study suggests that the medical home experience of vulnerable patients with type 2 diabetes may contribute to HRQOL. The continued national policy and practice emphasis on the medical home model requires empirical data to inform recommendations about the widespread adoption of this model. This study provides some new evidence of the potential value of this model, above and beyond clinical measures, for the daily quality-of-life experiences of adults with diabetes.
